Olfactory identification deficit (OID) has been associated with both aging and Alzheimer's disease (AD). In the context of an amnestic disorders, OID predicts conversion to AD. Neuroanatomical correlates could increase specificity and sensitivity and elucidate the mechanistic differences between OID in AD and aging. Cross-sectional analysis of white matter microstructural changes was performed using diffusion tensor imaging (DTI) and tract-based-spatial-statistics in amnestic mild cognitive impairment (aMCI), AD and normal controls (NC) in 66 subjects (26 AD, 15 aMCI, 25 NC). DTI 3-Tesla MRI scans were analyzed and subject level means for fractional anisotropy (FA), mean diffusivity (MD), radial and axial diffusivity (λ 1 D and λ 2,3 D) were calculated. Linear regression models were applied using DTI markers as predictor and OID as outcome. OID was associated with increased λ 1 D in aMCI and increased MD, λ 1 D and λ 2,3 D in AD. Voxel-wise analyses revealed widespread differences in all markers in AD. There were significant differences in λ 1 D in aMCI, particularly in the olfactory tract. OID is correlated with microstructural white matter changes as early as in aMCI. This study may help elucidate the biological basis for olfactory impairment in Alzheimer's disease. Neuroanatomical correlates could help distinguish OID associated with AD and that associated with aging.
A B S T R A C T
Olfactory identification deficit (OID) has been associated with both aging and Alzheimer's disease (AD). In the context of an amnestic disorders, OID predicts conversion to AD. Neuroanatomical correlates could increase specificity and sensitivity and elucidate the mechanistic differences between OID in AD and aging. Cross-sectional analysis of white matter microstructural changes was performed using diffusion tensor imaging (DTI) and tract-based-spatial-statistics in amnestic mild cognitive impairment (aMCI), AD and normal controls (NC) in 66 subjects (26 AD, 15 aMCI, 25 NC). DTI 3-Tesla MRI scans were analyzed and subject level means for fractional anisotropy (FA), mean diffusivity (MD), radial and axial diffusivity (λ 1 D and λ 2,3 D) were calculated. Linear regression models were applied using DTI markers as predictor and OID as outcome. OID was associated with increased λ 1 D in aMCI and increased MD, λ 1 D and λ 2,3 D in AD. Voxel-wise analyses revealed widespread differences in all markers in AD. There were significant differences in λ 1 D in aMCI, particularly in the olfactory tract. OID is correlated with microstructural white matter changes as early as in aMCI. This study may help elucidate the biological basis for olfactory impairment in Alzheimer's disease. Neuroanatomical correlates could help distinguish OID associated with AD and that associated with aging.
Introduction
Alzheimer's disease (AD) is the most common etiology for dementia and leads to progressive cognitive decline. Due to its high prevalence, accessible and feasible screening and prognostic tools are needed.
Impairment in identification of olfactory stimuli is a common clinical phenomenon in AD, and other neurodegenerative diseases such as Parkinson's disease, as well as in aging (Berendse and Ponsen, 2006). Up to 85% of patients with early-stage AD exhibit olfactory dysfunction (Peters et al., 2003) . Furthermore, there are congruent pathological changes associated with olfactory identification deficit (OID), including neuronal loss and deposition of amyloid plaques and neurofibrillary tangles in the olfactory bulb and anterior olfactory nucleus (Ohm and Braak, 1987) . Prospective studies have shown that OID infers a risk for development of cognitive decline (Graves et al., 1999; Schubert et al., 2008) , and predicts conversion from aMCI to AD (Devanand et al., 2015 (Devanand et al., , 2000 Peters et al., 2003) .
Diffusion tensor imaging (DTI) exploits the random microscopic movement of water molecules to measure microstructural tissue characteristics in vivo, and is sensitive to changes in white matter tract integrity. DTI calculation produces measures of fractional anisotropy (FA), mean diffusivity (MD), and radial and axial diffusivity (λ 2,3 D and λ 1 D, respectively). While white matter structural changes have not been studied in the context of the olfactory phenotype in aMCI or AD, the association between olfactory tract changes with AD-specific regional cerebral hypometabolism by FDG PET in aMCI was demonstrated (Cross et al., 2013) . When all subjects, both NCs and aMCI, were considered in the analysis, white matter integrity correlated with the metabolic activity of olfactory processing structures (Cross et al., 2013) . In the aMCI group specific correlation with medial temporal lobe metabolic activity was found, suggesting mesial temporal involvement in AD related olfactory deficit (Cross et al., 2013) . Interestingly, longitudinal observation of regional white matter ultrastructure demonstrated exclusive changes in the hippocampal cingulum in AD as compared to normal aging (Mayo et al., 2017) . These data suggest that the mechanism of OID in aging and in AD and AD-associated aMCI may be different. This cross-sectional study was designed to assess microstructural changes using DTI in subjects with aMCI, AD and NCs and to
